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Research subject: One of the steel industry’s concerns is the manage-
ment of consequential waste, which is essential from the point of view
of the environment and economy:. Electric arc furnace dust is a residual;
until now, hydrometallurgy, pyrometallurgy, and stabilization methods
have been used to handle it. These methods produce hazardous second-
ary wastes, so researchers face the challenge of finding an environmen-
tally friendly and economical method for electric arc furnace dust man-
agement.

Research approach: This research used bioleaching as a cost-effective
and environmentally friendly method to recover manganese from the
electric arc furnace dust of the Tabarestan steel foundry. The spent cul-
ture medium of Yarrowia lipolytica yeast was employed for the bioleach-
ing process. Yarrowia lipolytica secretes organic acids by consuming
crude glycerol as a cheap carbon source in a specific culture medium.
To investigate the effect of the culture medium’s initial pH and crude
glycerol concentration, four culture media were prepared with initial pH
of 5.5 and 7 and crude glycerol concentration of 80 g/l and 100 g/l at 30
°C and 140 rpm. After 9 days, a centrifuge separated the yeast from the
produced metabolites.

Main results: LC-MS test showed citric, malic, and succinic acids in
the cell-free culture media. The highest secretion of organic acids in
the culture medium are 79600 mg/1 citric acid, 28100 mg/]1 malic acid,
and 1000 mg/1 succinic acid. Cell-free culture media was utilized for
spent culture medium bioleaching in the presence of 10 g/l pulp den-
sity during 3, 6, and 9 days at 60 °C and 140 rpm. The results showed
that the highest manganese extraction was related to the spent culture
medium with 80 g/1 crude glycerol and an initial pH of 5.5, which recov-
ered 58.5% of manganese in the presence of 10 g/1 pulp density within 3
days. The comparison between the FTIR diagram of the electric arc fur-
nace dust and the bioleaching residue showed that C=C and O-H bonds
have been added to the bioleaching residue, which indicates structur-
al changes transpire during the bioleaching process. Also, this graph
shows that the intensity of the peak related to iron sulfate has increased
in the bioleaching residue, which can be related to iron deposition.
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Table 3. Studies carried out to recover heavy metals from electric arc furnace dust

Method Leaching agent Target metal Recovery Year Reference
Chemical Sulfuric acid 3 N Zinc %80 2010 [4]
Chemical Two steps: Nitric acid Zinc and %97 and %97 2016 [1]
and Sulfuric acid Cadmium
Chemical Sulfuric acid 3 N Zinc and iron | %98 and %99 2020 [5]
Chemical Sulfuric acid 3 N Zinc and iron %67 and %98 2021 [6]
Chemical Sodium citrate and Zinc %50 2021 [9]
Oxalic acid
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Table 2. Culture media conditions studied in this work

Culture medium Initial pH Carbon source
concentration (g/1)
CG1 515 80
CG2 100
CG3 80
CG4 100
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Figure 1. (A) ANC-BNC diagram of electric arc furnace dust of Tabarestan steel foundry and (B) The result of the

particle size distribution analysis of electric arc furnace dust after passing through a vibrating sieve with 200 mesh
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Table 3 Potentiometric titration results on the 8th to 10th days in culture media with crude glycerol concentration of
20g/1to 120 g/1

Organic acids concentration (ppm)

Crude glycerol concentration Day 8th Day 9th Day 10th
20g/1 5500 9500 8500
40 g/1 12500 16000 14500
60 g/1 14500 18500 16500
80 g/l 16000 20000 18000
100 g/1 18500 23000 21500
120 g/1 15000 19000 16500
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Figure 2. pH and OD changes for the studied culture media as a function of time
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Figure 3. The result of the LC-MS analysis for the investigated culture media
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